Immediate Recurrence of Atrial Fibrillation. Introduction: An immediate recurrence of atrial fibrillation (IRAF) appears to be more common after early restoration of sinus rhythm with an implantable atrial defibrillator than after elective transthoracic cardioversion, which suggests that the probability of IRAF may be related to the duration of AF.
Introduction
The prevalence of an immediate recurrence of atrial fibrillation (IRAF) after transthoracic cardioversion has been reported to range from 5% to 26%. [1] [2] [3] [4] However, IRAF appears to be more common after internal or epicardial cardioversion; it has been reported to occur in 27% to 50% of patients after these types of cardioversion. [5] [6] [7] The reason why IRAF may be more likely to occur after internal or epicardial cardioversion than after transthoracic cardioversion is unclear. One difference among these types of cardioversion is that, compared with transthoracic cardioversion, cardioversion with an implanted defibrillator or epicardial electrodes generally is performed sooner after the onset of atrial fibrillation. The aim of this prospective study was to determine the effect of the duration of atrial fibrillation on the probability of IRAF after transthoracic cardioversion.
Methods

Patient Characteristics
The subjects of this prospective study were 315 patients (256 men and 59 women, mean age 61 ± 13 years) who under- went transthoracic cardioversion of atrial fibrillation. Atrial fibrillation had been present for a mean duration of 85 ± 187 days (range 7 minutes to 8 years). Structural heart disease was present in 146 (46%) of the 315 patients: 77 (24%) had coronary artery disease, 34 (11%) had valvular heart disease, 34 (11%) had a nonischemic cardiomyopathy, and 1 had an atrial septal defect. Among the 315 patients, 29 (9%) were being treated with a Class I antiarrhythmic drug and 89 (28%) with a Class III drug. Among the 315 subjects, 308 (98%) had a history of clinical atrial fibrillation.
Study Protocol
All patients provided written informed consent. Among the 315 patients, cardioversion was performed during a catheter ablation procedure in 92 patients (29%) who had either spontaneous or pacing-induced atrial fibrillation during the procedure. Overall, the episode of atrial fibrillation that was cardioverted in this study was spontaneous in 273 (87%) of the 315 patients and pacing-induced in 42 (13%).
The duration of atrial fibrillation was determined based on the clinical history and analysis of all available ECG recordings. Patients in whom the duration of atrial fibrillation could not be accurately determined were not included in the study.
IRAF was defined as a recurrence of atrial fibrillation within 60 seconds after restoration of sinus rhythm by transthoracic cardioversion. A continuous ECG recording was performed during and for at least 2 minutes after cardioversion.
Transthoracic Cardioversion
If atrial fibrillation had been present for >48 hours, cardioversion was performed either after at least 3 weeks of anticoagulation with warfarin and an INR > 2 or after a transesophageal echocardiogram that did not show any intracardiac thrombi and systemic anticoagulation with heparin. Conscious sedation or anesthesia was achieved with midazolam, fentanyl, and/or propafol. Transthoracic cardioversion was performed in 267 patients (85%) with monophasic shocks (Hewlett-Packard, Andover, MA, USA) and in 48 patients (15%) with biphasic shocks (Zoll Inc., Burlington, MA, USA). Adhesive electrodes were positioned on the anterior and posterior chest. Monophasic shock strengths were 200 to 360 J, and biphasic shock strengths were 120 to 200 J. When cardioversion was performed during a catheter ablation procedure, caution was exercised to avoid contact of any of the catheters against the myocardium to prevent catheter-induced depolarizations during cardioversion.
When atrial fibrillation had been present for >48 hours, therapeutic anticoagulation was continued for at least 6 weeks after cardioversion. Antiarrhythmic therapy was continued at the discretion of the treating physicians.
Statistical Analysis
Continuous variables are expressed as mean ± 1 SD. Continuous variables were compared with Student's t-test. Categorical variables were compared by Chi-square analysis or with the Fisher exact test, as appropriate. Multivariate logistic regression analysis was performed to determine the independent predictors of IRAF. P < 0.05 was considered statistically significant.
Results
Duration of Atrial Fibrillation
The mean duration of atrial fibrillation was 85 ± 187 days (range 7 minutes to 8 years). Among the 315 patients, the duration of atrial fibrillation was <1 hour in 48 (15%), 1 to 24 hours in 27 (9%), 1 day to 1 week in 34 (11%), 1 to 4 weeks in 45 (14%), 1 to 3 months in 72 (23%), 3 to 6 months in 36 (11%), 6 to 12 months in 40 (13%), and 1 to 8 years in 13 (4%).
Overall Prevalence of IRAF
IRAF occurred in 63 (20%) of 315 patients who underwent cardioversion for an episode of atrial fibrillation. The mean time to IRAF was 20 ± 25 seconds after cardioversion.
Duration of Atrial Fibrillation and IRAF
The relationship between the duration of atrial fibrillation and the prevalence of IRAF is shown in Figure 1 . The prevalence of IRAF was 56% when the duration of atrial fibrillation was <1 hour, 37% when the duration was 1 to 24 hours, and 12% when the duration was >24 hours (P < 0.001). Beyond a duration of 1 day, there was no relationship between the duration of atrial fibrillation and the prevalence of IRAF.
Shock Waveform and Strength
IRAF occurred in 52 (21%) of 267 patients when sinus rhythm was restored with a monophasic shock and in 8 (17%) of 48 patients who were cardioverted with a biphasic shock (P = 0.5).
The mean shock strength that restored sinus rhythm was similar in patients who had IRAF and in those who did not have IRAF (monophasic: 200 ± 96 J vs 220 ± 68 J, P = 0.2; biphasic 129 ± 49 J vs 135 ± 43 J; P = 0.7).
Multivariate Predictors of IRAF
Among the variables of age, gender, duration of atrial fibrillation, presence of structural heart disease, concomitant antiarrhythmic drug therapy, and cardioversion energy, only the duration of atrial fibrillation was an independent predictor of IRAF (P < 0.01).
Duration of Atrial Fibrillation and IRAF During a Catheter Ablation Procedure
Among the subgroup of patients in whom cardioversion was performed during a catheter ablation procedure, IRAF occurred in 37 (57%) of 65 patients when the duration of atrial fibrillation was <24 hours and in 9 (33%) of 27 patients when the duration was >24 hours (P < 0.04).
IRAF after Cardioversion of Spontaneous and Pacing-Induced Atrial Fibrillation
To determine whether the prevalence of IRAF was similar after cardioversion of spontaneous and induced episodes of atrial fibrillation, the prevalence of IRAF was compared among patients who underwent cardioversion during a catheter ablation procedure and had either spontaneous or pacing-induced atrial fibrillation for <24 hours. IRAF occurred in 9 (69%) of 13 patients after cardioversion of an episode of spontaneous atrial fibrillation and in 28 (56%) of 50 patients after cardioversion of an episode of atrial fibrillation that was induced by pacing (P = 0.4).
Discussion
Main Findings
The main finding of this study is that there is an inverse relationship between the duration of atrial fibrillation and the prevalence of IRAF after transthoracic cardioversion. The prevalence of IRAF was high (56%) when atrial fibrillation had been present for <1 hour, intermediate (37%) when it had been present for 1 to 24 hours, and relatively low (12%) when it had been present for >24 hours. Furthermore, among several clinical variables examined, the duration of atrial fibrillation was the only independent predictor of IRAF after cardioversion.
Possible Mechanisms of IRAF
There are several possible factors that may contribute to recurrences of atrial fibrillation immediately after cardioversion, including changes in autonomic tone, electrophysiologic changes in the atrial substrate, 8 and premature depolarizations that trigger atrial fibrillation. 1 However, in a prior study, IRAF was consistently abolished by electrical isolation of the pulmonary veins, providing strong evidence that the most important determinant of IRAF is the ectopy that arises from the muscle sleeves that surround the pulmonary veins. 9 Given that the primary determinant of IRAF may be arrhythmogenic foci in the pulmonary veins, the results of the present study suggest that these arrhythmogenic foci may be most active when atrial fibrillation has been present for <1 hour and that the foci become progressively less active as the duration of atrial fibrillation lengthens.
The cellular mechanisms of pulmonary vein arrhythmogenicity remain largely unclear. Although triggered activity may be a mechanism of arrhythmias arising in the pulmonary veins, abnormal automaticity and reentry cannot be excluded. [10] [11] [12] Regardless of the cellular mechanisms, it has been demonstrated that the generation of these arrhythmias depends on input from the left atrium. 11 It is possible that arrhythmogenic pulmonary venous foci are activated by the rapid atrial activity that occurs during atrial fibrillation but that as the duration of atrial fibrillation lengthens, the cellular mechanisms responsible for this arrhythmogenic activity are progressively down-regulated or deactivated. Although the present study demonstrates that the probability of IRAF is inversely related to the duration of atrial fibrillation, it provides no insights into mechanisms, and the explanation for this observation remains to be determined.
Immediate versus Early Recurrence of Atrial Fibrillation
Several studies have clearly demonstrated that the probability of recurrent atrial fibrillation after cardioversion is directly related to the duration of atrial fibrillation [13] [14] [15] [16] and that recurrences are most likely to occur within the first few days or weeks after cardioversion.
2 Therefore, it is important to distinguish these early recurrences of atrial fibrillation from the phenomenon of IRAF, which occurs within 1 minute after cardioversion. Although the probability of early recurrences of atrial fibrillation increases as the duration of atrial fibrillation increases, the opposite is true for recurrences of atrial fibrillation that occur immediately after cardioversion. This strongly suggests that the mechanisms that underlie early and immediate recurrences of atrial fibrillation are different. It is possible that arrhythmogenic foci within the pulmonary veins are responsible for IRAF, 9 whereas progressive electrical and anatomic remodeling are responsible for early recurrences of atrial fibrillation.
17,18
Previous Studies
When attempting to localize the sites of origin of the triggers for atrial fibrillation, it is useful to induce atrial fibrillation by rapid pacing and then restore sinus rhythm shortly afterward by electrical cardioversion. This clinical practice is useful because it frequently evokes IRAF, allowing localization of the trigger sites. 19 The results of the present study explain why IRAF is commonly evoked in the electrophysiology laboratory, given that cardioversion typically is performed within minutes after induction of atrial fibrillation.
A recent retrospective study in patients with an implantable atrial defibrillator demonstrated that a duration of atrial fibrillation of <3 hours is a predictor of recurrence within few minutes after cardioversion. 7 However, in this prior study, any atrial arrhythmia was categorized as atrial fibrillation, and the prevalence of immediate recurrences of atrial fibrillation probably was underestimated because of limitations in the detection algorithms of the implantable devices. For example, successful cardioversion followed 1 or 2 seconds later by atrial fibrillation likely would be categorized as unsuccessful cardioversion instead of IRAF. Based on the results of the present study, it is clear that the heightened predisposition to IRAF after internal cardioversion is not related to any direct effect of shocks delivered within the heart but simply to the short duration of atrial fibrillation prior to cardioversion. This also applies to the high prevalence of IRAF when epicardial electrodes are used for cardioversion of atrial fibrillation in patients who have undergone open heart surgery. 
Study Limitations
A limitation of this study is that there are two possible confounding variables that may have affected the probability of IRAF. The first was the presence of catheters in the heart in patients who underwent cardioversion of short-lived atrial fibrillation in the electrophysiology laboratory. Despite attempts to position the catheters away from the atrial wall, it is possible that mechanical irritation of the atrium by these catheters accounted for some episodes of IRAF. The second possible confounding variable was the method by which atrial fibrillation was provoked. Atrial fibrillation always was spontaneous in onset when elective cardioversion was performed outside of the electrophysiology laboratory, but it often was induced by rapid pacing when cardioversion was performed for short-lived episodes of atrial fibrillation in the electrophysiology laboratory. However, subgroup analysis of patients who underwent cardioversion in the electrophysiology laboratory demonstrated that the prevalence of IRAF still was higher in patients with atrial fibrillation for <24 hours than in patients with atrial fibrillation for >24 hours. Moreover, the prevalence of IRAF was similar regardless of whether atrial fibrillation was spontaneous or induced by atrial pacing. These findings suggest that intracardiac catheters and the method of atrial fibrillation induction were not significant confounding variables.
Clinical Implications
The concept that "atrial fibrillation begets atrial fibrillation" 17 has encouraged early cardioversion of atrial fibrillation to avoid the progressive electrical and structural remodeling that occurs during atrial fibrillation. However, the results of the present study suggest that there is a lower limit to the ideal timing of cardioversion and that a more satisfactory clinical outcome possibly can be achieved if cardioversion is postponed for approximately 24 hours. Because the probability of IRAF is greatest when sinus rhythm is restored within 1 hour after the onset of atrial fibrillation and remains high for 24 hours, device therapies designed to restore sinus rhythm shortly after the onset of atrial fibrillation or treatment algorithms that utilize very early cardioversion may have a high probability of evoking IRAF. The ideal timing for cardioversion may be at approximately 24 hours, when the probability of IRAF has significantly diminished and before electrical remodeling has become pronounced. Additional prospective studies are necessary to establish the ideal timing for elective cardioversion of atrial fibrillation.
